Objective: To determine the prevalence of iron-deficiency anemia and iron deficiency at 1 year of corrected age (CA) in preterm very-low-birth-weight infants, and to identify risk factors for iron-deficiency anemia. Methods: A cohort of infants with birth weight <1500 g and gestational age <34 weeks on iron prophylaxis were followed up to 12 months' CA. Anemia diagnosis was based on hemoglobin <11 g/dl. Iron deficiency was defined by ferritin levels <10 mg/l, transferrin saturation <10% and mean corpuscular volume <80 fl. Neonatal data and feeding at 6 and 12 months' CA (breastfeeding and/or cow's milk or infant formula); hospitalizations during the first year and weight, head circumference, body mass index and length at 12 months' CA were analyzed. Results: Prevalence of anemia in 310 participants was 26.5% [95% confidence interval (CI) 21.8-31.6%] and of iron deficiency was 48% (95% CI 39.0-56.9%). Increased consumption of cow's milk at 6 months [relative risk (RR) 1.687; 95% CI 1.146-2.483], lower maternal age (RR 0.953; 95% CI 0.923-0.983), high number of pregnancies (RR 1.256; 95% CI 1.122-1.406) and being born small for gestational age (RR 1.578; 95% CI 1.068-2.331) were independently associated with anemia after adjustments. Conclusions: Prevalence of anemia is high at 1 year of CA. Dietary and environmental education strategies may help prevent anemia after discharge.
Introduction
Anemia has become a major worldwide public health problem due to its broad impact on childhood health-including physical symptoms such as immune deficiency; impairment of growth; cognitive, behavioral and physical deficits; changes in hormone pathways and increased absorption of heavy metals [1] . It is most often caused by iron deficiency [2] resulting from low iron intake, inadequate iron absorption or increased losses, affecting bioavailability [3] . The prevalence of anemia in preschool-aged children is $47% [2] . Iron deficiency is estimated to be 2.5 times more frequent than anemia itself [4] .
A variety of factors influence the development of anemia in the first years of life, particularly socioeconomic conditions. Caretaker's schooling, family or per capita income, housing conditions, sanitation, number of siblings, food intake, quality of medical care, nutritional status and immune status (with increased risk of infection) have been identified as risk factors for this systemic disorder. In addition, biological factors such as low birth weight and prematurity also play a role [5, 6] .
Premature newborns are especially vulnerable to the development of anemia. In this group, storage iron concentrations are lower at birth, red blood cell half life is shorter and rapid catch-up growth contributes to further depletion of iron stores. Preterm infants are also often submitted to multiple phlebotomy procedures during the time spent in neonatal intensive care units [7, 8] . Physiologic anemia of the newborn infant is characterized by a hemoglobin nadir occurring in the first 8 weeks of life, which might, in the presence of other pathological processes, lead to a more severe degree of anemia [5] .
Few studies so far have focused on the prevalence of anemia in premature infants, especially those born with very low weight. Iron deficiency is estimated to range between 25 and 80% in preterms during infancy [7, 9, 10] . The aim of the present study was to determine the prevalence of iron deficiency and iron deficiency anemia at 1 year of corrected age (CA) in preterm very-low-birth-weight (VLBW) infants, and to identify risk factors associated with anemia in this population.
Methods
This prospective cohort study was approved by our institutional Ethic Committee of the Hospital de Clı´nicas de Porto Alegre (HCPA). Informed consent was obtained from all parents or guardians before the study. We enrolled preterm VLBW infants who were born in the HCPA, a level-3 referral center for highrisk neonates in southern Brazil, with regular followup until 12 months of CA between November 2003 and 2010. Exclusion criteria were gestational age >34 weeks, chromosomal abnormalities or genetic syndromes, abnormal erythrocyte membrane pattern, thalassemia or sickle-cell anemia, maternal HIV and/or perinatal STORCH infections, and missing more than three scheduled follow-up visits.
The following maternal variables were analyzed: parity, maternal age, number of prenatal visits, family history of smoking, alcohol and drug addiction, gestational diabetes, chronic hypertension or preeclampsia, chorioamnionitis or urinary tract infection (positive urine cultures). Household income (in U.S. dollars) and maternal education level were also assessed. The neonatal variables were birth weight, gestational age (evaluated by last menstrual period and confirmed by early obstetrical ultrasound and neonatal clinical examination) [11] , gender, small-for-gestational-age (SGA) status (defined as a birth weight below the 10th percentile) [12] , 1-and 5-min Apgar scores, length of hospital stay, mode of delivery, amino acid supplementation in the first 24 h of life, early-and late-onset sepsis confirmed by positive blood cultures, meningitis, necrotizing enterocolitis, erythropoietin use, packed red blood cell transfusion and exchange transfusion. Until 2009, erythropoietin (750 IU/kg/wk), ferrous sulfate and vitamin E were administered routinely in the neonatal intensive care unit (NICU). We also evaluated the presence of periventricular hemorrhage or leukomalacia, ductus arteriosus, newborn illness severity (SNAPPE-II) [13] , bronchopulmonary dysplasia, apnea of prematurity, retinopathy of prematurity [14] and discharge hemoglobin levels.
During the follow-up, data were collected on feeding at 6 and 12 months of CA (exclusive breastfeeding or mixed feeding with cow's milk or infant formula), recurrent admissions during the first year of life, anthropometric parameters (weight, head circumference, body mass index and length at 12 months of CA [z scores plotted on World Health Organization (WHO) growth charts], zinc sulfate use and results of routine tests performed at 1 year of corrected of age: complete blood count, transferrin saturation and ferritin.
Anemia at 12 months of CA was diagnosed by the presence of hemoglobin levels <11 g/dl [4] . Iron deficiency was defined by ferritin levels <10 mg/l, transferrin saturation <10% and mean corpuscular volume <80 fl [15] .
All preterm VLBW infants (birth weight <1500 g) born at the HCPA are routinely referred to the Neonatology outpatient clinic for monthly followup visits until 6 months of CA and every 2 months thereafter until 12 months of CA. Before hospital discharge, preterm VLBW infants are prescribed iron prophylaxis (3-4 mg/kg/d) and vitamin A, C and D (400 IU vitamin D/d) and zinc sulphate supplementations, which are continued throughout the first year of life, with dosage adjustments according to weight gain as determined on follow-up visits.
A 24-h dietary recall was administered at each visit to assess feeding routines; use of formula, breast milk and cow's milk and family food preferences. At 12 months of CA, weight, height and head circumference were measured (by the same investigator). Routine laboratory tests were also performed (complete blood count, platelet count, serum iron, ferritin, transferrin, transferrin saturation, iron-binding capacity, urinalysis, stool ova and parasites). Blood was never collected for research purposes alone.
Statistical analysis
One-way analysis of variance was used to compare subjects excluded and lost to follow-up with those included in analysis. The Student t, Mann-Whitney, chi-square and Fisher exact tests were used. Variables with a p < 0.20 on bivariate analysis (maternal age, maternal education level, number of pregnancies, household income, family history of smoking and alcohol, birth weight, gestational age, size for gestational age, retinopathy of prematurity any stage, leukomalacia, necessity of exchange transfusion, length, length-for-age z score and body mass indexfor-age z score at 12 months of CA, use of zinc sulfate before 6 months of CA, use of cow's milk overall or only at 6 months, use of infant formula overall or only at 6 months, use of cow's milk overall or only at 12 months and use of infant formula overall or only at 12 months) were carried forward to a multivariate Poisson regression analysis. Variables that were not significantly explanatory of anemia were not included in the final model. Relative risk with the corresponding 95% confidence interval (95% CI) was used as a measure of association. The significance level was at p < 0.05. Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) version 18.0.
Sample size was calculated on the basis of previous studies; assuming a 36% prevalence of anemia in children ex-premiers VLBW for a relative risk of 1.5 to determine an association of anemia and iron deficiency [10] , significance level of 5% and a statistical power of 80%, the estimated sample size was 260 children.
Results
Of the 430 preterm VLBW infants discharged from the Neonatology clinic during the study period, 120 were excluded: 2 had chromosomal syndromes, 4 had hemoglobinopathies, 13 had STORCH infections, 7 had a gestational age >34 weeks at birth, 10 died before age 1 year and 26 attended fewer than three visits. Furthermore, 58 infants had no test results available at the required time points for assessment (sampling loss rate of 13.4%)-as shown in Fig. 1 . These subjects were pooled and compared with the final sample in terms of gestational age, weight and maternal education. There were no significant differences (Table 1) .
Therefore, 310 preterm VLBW infants, 143 males and 167 females, with mean birth weight and gestational age of 1185 AE 229 g and 30.4 AE 2.3 weeks, respectively, were included. The overall prevalence of anemia was 26.5% (n ¼ 82) (95% CI 21.8-31.6%) and that of iron deficiency was 48% (n ¼ 149) (95% CI 39.0-56.9%). Because 82% of the infants (n ¼ 255) were white, other ethnicities were pooled together into a 'non-white' category. The prevalence of anemia was 25.1% among white infants and 32.7% among non-whites. Thus, the risk of anemia was 30.5% higher in non-white infants.
Socioeconomic and environmental factors were significantly associated with anemia on bivariate analysis ( Table 2) . As expected in a high-risk population, 59% of the newborns received packed red blood cell transfusions in the NICU (mean transfused volume, 15 ml/kg) and 68% received erythropoietin for prevention of anemia. Neither strategy was effective at reducing the prevalence of anemia at 12 months of CA (Table 3) . Feeding with cow's milk at 6 months of CA was significantly associated with presence of anemia (Table 4 ). Cow's milk intake at 6 months of CA, younger maternal age, greater number of pregnancies and SGA status remained independently associated with anemia in preterm VLBW infants after adjustment for alcohol intake, smoking and maternal education level, and correction of birth weight and gestational age (Table 5 ).
Discussion In this study, the prevalence of anemia-26.5%-was relatively low as compared with that reported in a systematic review of full-term and preterm infants in Brazil (53%) [16] . This might be explained by the structured follow-up program available to these infants in our hospital, which provided outpatient support after hospital discharge. Furthermore, regular iron and vitamin supplementation are available throughout the first year of life.
Nevertheless, this prevalence was much higher than that reported in developed countries-3-5% in U.S. infants weighing 2000-2500 g at birth [8] to 8% in full-term Canadian infants [17] to 12% in full-term Norwegian infants with a birth weight >2500 g [18] . The fact that we assessed a high-risk subpopulation (preterm VLBW infants) may at least in part explain this difference. However, both the prevalence of iron deficiency anemia (26.5%) and also of iron deficiency in general (48%) in the present sample is a reason for concern. The factors that were independently associated with higher prevalence of anemia were greater intake of cow's milk at 6 months of CA, younger maternal age, greater number of pregnancies and SGA status-reflecting a subgroup of preterm infants that is particularly vulnerable to morbidity in the NICU environment and in the first year of life. The prevalence of iron deficiency in our sample was low, most likely due to regular iron supplementation-with control of compliance and iron administration during follow-up visits-and dietary supervision. Regular iron supplementation is a known strategy for prevention of iron-deficiency anemia. A Cochrane review found a significant difference in hemoglobin levels with iron supplementation, but there was no consensus regarding the benefits of supplementation on neurodevelopmental outcomes and growth [19] . In the USA, the use of enriched breakfast cereal and infant formula led to a reduction in iron deficiency and, consequently, irondeficiency anemia [20] .
We found a significant association between anemia and cow's milk intake at 6 months of CA. An increased prevalence of anemia has previously been described in association with cow's milk intake before age 12 months in a population of full-term infants [21] . Data from other Brazilian regions [22] show that an increased relative contribution of cow's milk to feeding is significantly associated with anemia in children <5 years of age. Cow's milk provides excess protein and minerals, hindering iron absorption. Moreover, its intake is associated with fecal occult blood loss in infants aged <12 months [23] . Several studies have noted that exclusive breastfeeding until age 6 months is a protective factor against anemia, whereas early introduction of complementary feeding is a risk factor [5, 6, 23] . Sherry et al. [20] attributed the continued decline in the prevalence of anemia in the USA to higher breastfeeding rates and iron-enriched formulas. In our study, an association between breastfeeding and decline in the prevalence of anemia was not observed, possibly because of the low breastfeeding rate at 6 months of CA in our sample: 17.4% and only 8.3% for exclusive breastfeeding. There is evidence that socioeconomic status, household income and education level are inversely associated with the number of offspring [24] .
Although higher maternal education level is a marker of healthy choices that influence child feeding patterns, the literature is controversial in terms of the role of maternal education as a risk factor for anemia. In South Korea, maternal education level has been associated with iron deficiency [25] . In Brazil, Oliveira et al. [24] found higher prevalence of anemia in children whose mothers had had <4 years of formal schooling. Conversely, Hadler et al. [26] found no influence of maternal education in a sample of children aged 6-12 months. Levy-Costa and Monteiro [22] report that higher maternal education level and higher household income were associated with increased dietary iron density. In a large U.S. study, Looker et al. [15] found higher prevalence of anemia among individuals with <12 years of formal education and from lower social strata. In our study, maternal education was not independently associated with anemia, which shows no relative influence of this factor on the occurrence of anemia in preterm VLBW infants. Younger maternal age and greater number of pregnancies were associated with higher prevalence of anemia, as previously reported [27, 28] . Silva et al. [27] found that infants who had a sibling aged <5 years were at higher risk of anemia, suggesting that a greater number of siblings translates into less attention to the individual child.
Similar to a previous study comparing cord serum ferritin levels at 4 weeks of life in full-term SGA and adequate-for-gestational-age infants [29] , our study found a higher risk of anemia in SGA preterm VLBW infants. Olivares et al. [30] found a lower ferritin concentration in preterm SGA infants at birth as compared with preterm adequate-for-gestational-age and full-term infants, although all preterm infants had low hemoglobin levels at 4 months, even when compared with full-term SGA infants. Karaduman et al. [31] suggested that the low ferritin concentration found in SGA infants results from insufficient placental iron transport or from the characteristically enhanced erythropoiesis in conditions of chronic fetal hypoxia, which is often associated with intrauterine growth restriction.
One limitation of our study is sample's loss and exclusion of subjects. However, there were no differences in gestational age, birth weight, maternal education level or household income observed between the groups (lost, exclusion and follow-up group-as shown in Table 1 ).
Previous studies have used more accurate criteria for detection of iron deficiency, such as red cell protoporphyrin levels, reticulocyte hemoglobin content and transferrin receptor concentration [32] [33] [34] . Among the various laboratory tests available for assessment of iron status, transferrin receptor concentration has no reference range for use in children [32] . Also, these markers are not easily available in Brazil, which would limit their usefulness in population-based studies; hence, they were not used in this investigation.
Ferritin levels are easily affected by the presence of infection, and in our sample, we had a rate of recurrent admissions that was close to 50%, with infection as the leading primary or secondary cause. So, one of the criteria used for diagnosis of iron deficiency was transferrin levels, which, unlike ferritin, is not affected by the presence of infection [35] .
Based on a study by Sherriff et al. [36] , investigators in the UK proposed changing the hemoglobin cutoff level for diagnosis of anemia to 10 g/dl-which entailed a decrease in the prevalence of anemia to 7.1% from 22.7% in that specific cohort. Using these revised cutoff values in our sample would reduce the prevalence of anemia to 10.6% (from 26.5%) and increase the prevalence of iron deficiency to 52.3% (from 43.2%). This suggests that, at least for the present sample, the WHO recommendations overestimate anemia and underestimate iron deficiency, an aspect that deserves further investigation. Considering the high-risk nature of our population and the harmful effects of anemia on child health, we believe that the wider reference ranges of the WHO should be used.
Prophylactic iron supplementation in populations at high risk of anemia, such as preterm VLBW infants, appears to reduce the prevalence of anemia in these groups [19] . In the present study, the prevalence rate of anemia seems to have been checked, at least in part, by adequate monitoring and systematic guidance on relevant aspects, such as iron prophylaxis, provided as part of outpatient follow-up at the study facility. Nonetheless, younger maternal age, greater number of pregnancies, SGA status and cow's milk intake at 6 months CA contributed to a higher prevalence of anemia. Implementation of educational strategies focusing on dietary and environmental factors may help reduce the prevalence of anemia in this population.
